The pathophysiology of cardiac pain in pure aortic stenosis has primarily been ascribed to an 
Left ventricular hypertrophy Isoproterenol Coronary artery disease pure aortic stenosis without morphological evidence of coronary disease, then the incidence is approximately 20%.1, 3 So far no method is available for distinguishing whether the cardiac pain is due to the valvular lesion per se or to coexistent coronary artery disease. Although it has been maintained by some that the characteristics of angina in aortic stenosis are usually atypical,2 this concept has been seriously challenged4' 5 and is quite unreliable from a practical clinical standpoint.
Cardiac pain is believed to occur whenever the myocardial blood supply is insufficient to meet the energy demands of the heart. The clinical observation that angina is common to more than one distinct pathological entity provides a unique opportunity to explore some of the mechanisms through which angina may be elicited. Such an exploration has received only sporadic attention in the past and has culminated in two general schools of thought. The inciting mechanism of the angina in aortic stenosis has been ascribed by some investigators to those variables of augmented ventricular function which either compromise coronary blood flow directly" 6 or increase the energy demands of the heart beyond its ability to deliver an adequate coronary flow.7' 8 Conversely, other investigators have emphasized the need for a more deliberate search into the problems of coronary vascular autoregulation and perfusion in the hypertrophied left ventricle. 9 The purpose of this presentation was to demonstrate whether a stress to cardiac energy metabolism could distinguish any differences in hemodynamics or coronary circulatory response or both in patients with aortic stenosis and angina depending on the coexistence of coronary artery disease.
Methods
Eighteen fasting subjects were studied by left heart and coronary sinus catheterization. All patients were classified into three groups ( All but one patient in this group had a valve area of 0.5 cm2 or less. The average systolic gradient was 77 mm Hg, the highest of the three groups. Again, the catecholamineinduced increase in the average resting cardiac index (from 2.3 to 3.2 L/min/m2) was met primarily by a rise in heart rate while the average stroke index was still considerably lower than the predicted response to isoproterenol.'3 The mean systolic ejection rate in this group was very low at 86 ml/sec/m2 but increased by 31% in response to isoproterenol. The SEP, similarly, increased from a prolonged resting value to 33 sec. Only one patient in this group had a valve area less than 0.5 cm2 and the resting mean systolic aortic gradient averaged 31 mm Hg (table 1). The cardiac index was subnormal (2.7 L/min/m2) and increased by 22% with infusion of isoproterenol (table 2) . Again, the average stroke index was fixed at 36 ml/beat/m2 whereas the chronotropic effect of the drug accounted for the increase in effective output. The SEP was prolonged at 28 sec/min and decreased insignificantly with isoproterenol. The average systolic ejection rate, likewise, changed insignificantly with administration of the catecholamine. This is probably due to a more pronounced effect of isoproterenol in decreasing afterload in this group. As in group A, there was a significant increase in coronary flow from an average value of 91 to 140 ml/100 g/min, an increment of 52% ( fig. 1 ). Both the coefficient of oxygen extraction and the CVR decreased with isoproterenol. Half of the patients in this group had evidence of myocardial lactate production ( fig. 3) On the assumption that homogeneous coronary flow rates obtain in different regions of a concentrically hypertrophied myocardium, it has been possible to calculate the percentage contribution of the cardiac output to the total coronary blood flow. This has been estimated for three patients in group B and one in group A in whom necropsy findings confirmed the absence of significant coronary lesions. As shown in table 3, 13 to 28% of the cardiac output in patients in group B perfused the myocardium each minute at rest. Although the one patient in group A had the largest heart (660 g), the calculated percentage of total cardiac output serving his myocardium was low (11%) compared to that of the other patients. All values, however, were elevated when compared to the normal of 4%.
Discussion
The normal response of the coronary circulation to isoproterenol consists primarily of an increase in coronary blood flow in excess of oxygen demand.13 Hence, the coronary venous oxygen content increases, the coefficient of oxygen extraction falls, and consistent with the drug's f8-adrenergic effect on peripheral arteries, coronary vascular resistance decreases. 13 It is noteworthy that in a recent study, two out of four patients with aortic stenosis and angina increased their flow by less than 25%.9 A valid comparison with the present series is difficult to make since not only was a different stress used (supine leg exercise) but no information was available regarding the presence or absence of coronary artery lesions. This study also alluded to the possibility that near maximum coronary vasodilation at rest may become limiting in patients with aortic stenosis and, thereby, play a role in the etiology of angina with stress. The present study would generally support this thesis in that there may be an encroachment on total coronary reserve capacity. That the system was not maximally dilated, however, was shown by the observation that vascular resistance in group B decreased proportionally more than coronary flow increased. On the other hand, it is conceivable that near maximum coronary flow is already occurring in patients who have severe aortic stenosis with massive hypertrophy, particularly in terms of the heart's ability to autoregulate its flow, by whatever means, in response to increased demands.
The mechanism for the production of pain at the cellular level may be the same for all groups, and this problem remains unresolved by this type of study. But there appear to be distinctly different pathophysiological processes which may precipitate the myocardial ischemia which presumably causes pain. Although both groups B and C produce lactate, nevertheless, in the group with coronary artery disease, total as opposed to regional coronary reserves is far from exhausted. The angina in this group may very well be related to the arterial obstructive lesions which reduce the flow in local areas of myocardium. Heterogeneity of myocardial blood flow has been assumed to result from significant coronary artery stenosis. This has been demonstrated for the first time by studies showing clearance rates of 85Kr, injected intramyocardially along the distal course of a stenosed coronary vessel during heart surgery.14 Both normal and subnormal clearances exist side by side. In group B, however, coronary reserve capacity of the entire left ventricle, not just a region, appears to be threatened. Abnormal mechanisms for energy supply are brought into play including increased oxygen extraction from arterial blood and anaerobic glycolysis.
As further testimony, three patients in this group who were studied at necropsy had heart weights from 460 to 650 g and estimated total resting myocardial flow from 475 to 780 ml/min (table 3) . Myocardial blood flow thus represented from 13 to 28% of total cardiac output. The "drain" from the remaining circulation can best be appreciated in light of the fact that the normal coronary fraction of total cardiac output is only 4 to 5%.
Some investigators have suggested that myocardial ischemia and, therefore, potentially, the pain mechanism in aortic stenosis is dependent on the hemodynamic mechanisms by which the heart ejects a given volume of blood through a narrow fixed orifice." 7, 15 Such factors may include systolic impedance to coronary flow, prolongation of the systolic ejection period to maintain stroke output at the expense of a decreased diastolic Circulation, Volume XXXVI Ou-tober 1967 period of nutrient flow, an increase in wall tension outstripping oxygen availability, or a diminished diastolic perfusion pressure in association with coexistent aortic insufficiency. However, all three groups in the present series manifested similar hemodynamic responses to a restricted outflow (table 2) : that is, an abnormally elevated PTM, a prolonged SEP, an increased end-diastolic pressure, and a decreased systolic ejection rate (SER) were seen in all groups at rest. Furthermore, these parameters responded variably to isoproterenol, and no discernible pattern could be recognized. Likewise, no significant depression of the diastolic perfusion pressure in the aorta was documented and resting values were comparable.
The selection of flow methods which measure mean capillary diffusion challenge the thesis that the distance from capillary to muscle fiber is a major determinant in limiting nutrient flow to the hypertrophied cell.'6 It has been postulated that different rates of clearance, for any given isotope, can occur by virtue of compartmentation and thus yield different flow values, particularly when flow changes are induced experimentally.17 In the present study this is obviated since all groups share a common disease process implying that compartmentation would not necessarily be a differential feature. Furthermore, the concept of a quantitative disparity between the number of muscle fibers in hypertrophy and the number of capillaries has been seriously questioned by Linzbach.18 He maintained that any insufficiency of flow to the hypertrophied myocardium is due to a limitation in the caliber of the large coronary vessels, notably the ostium, rather than a change in diffusion distance. '8 Indeed it has been demonstrated that the diameter of the coronary ostium increases linearly with heart weight but reaches a maximum at heart weights of 500 g.19 It is hard to invoke such a simple anatomic restriction, particularly in view of the many homeostatic mechanisms governing the regulation of phasic coronary flow. Hence, this theory would not explain the significant increase in flow in the patients without angina, in whom there was evidence of hypertrophy by x-ray, ECG, and cineventriculography. In addition, differences in heart weights appeared to have no bearing on the observation that all groups had similar resting coronary flows per unit mass. Rather than an anatomic limitation, a more feasible explanation would be a functional encroachment on the total coronary vascular reserve. Thus the patients in group B when given isoproterenol were able to deliver a modest increase in blood flow to the periphery whereas flow to the myocardium appeared to be almost maximal despite a significant drop in the coronary vascular resistance.
It should be recognized that these observations were made on patients grouped according to a prior history of angina rather than according to 
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Remarkable morbid states commonly arise in animals, through the caprices of Nature or the vagaries of disease. These states I have always considered as shedding much light on the investigation of Nature's ways of acting; they indicate the capacities and tendencies of the material which stands revealed in the construction of the animal body. And so monsters, and other anomalies dissipate our ignorance more easily and reliably than the chefs d'oeuvre of Nature.
Among these morbid states, brought about quite commonly by disease in the cadaver, not the least noteworthy is the Polyp. For it is found in the most deadly diseases, occupying the body's inmost citadel; and research into it can illuminate problems previously baffling.
The cause of Polyps ought not to be restricted to the conditions already mentioned. For Polyps are found to occur when certain poisons are drunk, and in the mortal fevers due particularly to contamination of the air, and in the plague and other illnesses due to harmful contagion. In these cases it is likely that vapours, or abnormal juices, from perverted ferments in the organs, find entry to the blood, tamper with its structure, and rearrange its particles. They can remove the bonds by which the tiny fragments of white fibres are held in place and linked to the rest. Or else, as if they had hooks, they bind the suspended fibers together into a fine network which precipitates.
On 
